EFFECT OF TYRE DUST LOADING AND
COMPATIBLIZER ON PROPERTIESOF RECYCLED HIGH
DENSITY POLYETHYLENE/ETHYLENE VINYL
ACETATE/ TYRE DUST COMPOSITES

by

IKMAL HAKEM BIN A.AZIZ
1330410912

A thesis submitted in fulfillment of the requirement for the degree of
Master of Science (Material Engineering)

School of Material
UNIVERSITI MALAYSIA PERLIS

Y ear
2014



EFFECT OF TYRE DUST LOADING AND
COMPATIBILIZER ON PROPERTIESOF RECYCLED
HIGH DENSITY POLYETHYLENE/ETHYLENE VINYL

ACETATE/ TYRE DUST COMPOSITES

IKMAL HAKEM BIN A.AZIZ

UNIVERSITI MALAYSIA PERLIS
2014



ACKNOWLEDGEMENT

Alhamdulillah, first and foremost thank Allah for His mercifulness and graciousness has

gave me the ability and strength to compl ete this thesis successfully.

| would like to extend my deep sense gratitude to my respectful supervisor, Assoc.
Prof. Dr. Supri A. Ghani for his meaningful discussions,suggestions, never ending
guidance and support throughout the course of this work. would like to express my utmost
appreciation to my co-supervisor, Dr. Teh Pel Leng for her guidance and cared on my
study.

Special thanks to the Dean of School of Materials Engineering, Dr. Khairel Rafezi
Ahmad for his support in completionof my research and thesis. My special thank are also
due to the technical staff, technicians and PLV of School of Materials Engineering for their
generous effort and assistance in laboratory’s work namely Mr.Zaidi, Mr, Nasir lbrahim,
Mr. ldrus, Mr. Azmi, and Mr. Rosmawadi. My humble regards to others whose names are

not mentioned herefor their assistance and munificence.

| also'want to thank to all members of the postgraduate colleagues for helping me to
get through the difficult times, and for all the emotional support they provided. My days of
research and thesis writing were easier with them around.

Last but not least, | record my gratitude to my lovely family especialy my parents
for their loveliness, supports, understanding, and providing the financial support. | am also
grateful to Universiti Malaysia Perlis for giving me the opportunity to be one of their MSc

program students. Thank you very much.



TABLE OF CONTENTS

THESISDECLARATION
ACKNOWLEDGEMENT
TABLE OF CONTENT
LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS
LIST OF EQUATIONS
LIST OF SYMBOLS
ABSTRAK

ABSTRACT

CHAPTER 1 INTRODUCTION

11 Research Background
12 Problem Statement
13 Objectives of study
14 Scope of Study

CHAPTER 2LITERATURE REVIEW

2.1 Introduction of Polymer Blends
2.1.1 Miscible Blends
2.1.2 Immiscible Blends
2.2 Polymer Composites
2.2.1 Fiber Reinforced Composites
2.3 Thermoplastic

PAGE

vii

viii

Xii

XV

XVi

XVii

XViil

o o b~ B

10
12
14
15



24

2.5

2.6

2.7

2.3.1 High Density Polyethylene (HDPE)
2.3.2 Ethylene Vinyl Acetate

Filler

2.4.1 Typeof Filler

2.4.2 Organic Filler

2.4.3 Inorganic Filler

2.4.4 Effect of Filler

2.45 Tyre Dust

2.4.6 Tyre Dust in Thermoplastic
Compatibilizer/ Coupling Agents
2.5.1 Maeic Anhydride (MAH)
2.5.2 Polyethylene Grafted Maleic-Anhydride (PEgQMAH)
2.5.3 Caprolactam

Filler-Matrix Interaction

2.6.1 Chemical Bonding

2.6.2 Mechanieal-Bonding

Filler-FillerInteraction

CHAPTER.3RESEARCH METHODOLOGY

31

3.2
3.3
3.4

Materials

3.1.1 Raw Materials and chemicals

Preparation of r-HDPE/EVA/TD Composites
Preparation of r-HDPE/EVA/TD Composites with Compatibilizer
Testing and Characterization

34.1Tenslle Test

3.4.2 Swelling Behavior Test

3.4.3 Scanning Electron Microscopy (SEM) Analysis
3.4.4 Fourier Transform Infrared (FTIR) Spectroscopy
3.4.5 Thermogravimetric Analysis (TGA)

3.4.6 Differential Scanning Calorimetry (DSC)

18
20

21
23
24
25
26
27
28
29
32
34
36
37
38
40
4

45
46
48
48
49
49
50
50
50



CHAPTER 4 RESULTSAND DISCUSSION

4.1

4.2

4.3

4.4

The Effect of Tyre dust loading on r-HDPE/EVA/TD composites

4.1.1 Tensile Properties

4.1.2 Swelling Behavior

4.1.3 Morphology Analysis
4.1.4 IR spectroscopy Analysis
4.1.5 Thermal Degradation
The Effect of Caprolactam on Properties of r-HDPE/EVA/TD
Composites

4.2.1 Tensile Properties

4.2.2 Swelling Behavior

4.2.3 Morphology Analysis
4.2.4 IR Spectroscopy-Analysis
4.2.5 Thermal Degradation

The Effect of, Polyethylene Grafted Maleic Anhydride (PEgMAH) on

Propertiesof r-HDPE/EVA/TD Composites

4,31 Tensile Properties

4.3.2 Swelling Behavior

4.3.3 Morphology Analysis
4.3.4 IR Spectroscopy Analysis
4.3.5 Thermal Degradation

The Effect of Maeic Anhydride on Properties of r-HDPE/EVA/TD

Composites

4.4.1 Tensile Properties

4.4.2 Swelling Behavior

4.4.3 Morphology Analysis
4.4.4 IR Spectroscopy Analysis
4.4.5 Thermal Degradation

52

52
55
56
57
59
61

61

66
67
69
72

72
75
77
78
80
83

83
86
87
89
91



4.5 Comparison of Various Compatibilizers on Properties of r-
HDPE/EVA/TD15 Composites
4.5.1 Tensile Properties
4.5.2 Swelling Behavior
4.5.3 Morphology Analysis
4.5.4 Thermal Degradation
4.5.5 Differential Scanning Calorimetry

CHAPETR 5 CONCLUSION AND SUGGESTIONS FOR FUTURE WORK

5.1 Conclusion
52 Suggestions
REFERENCES

APPENDICES

Vi

94

94
97
99
100
103

105
106

108

119



NO.

21

31

3.2

3.3

3.4

4.1

4.2

4.3

4.4

45

4.6

LIST OF TABLES

Example of commercia miscible polymer blends
Formulations of r-HDPE/EVA/TD composites at different filler loading ratio

Formulations of r-HDPE/EVA/TD/PEgMAH composites at different filler loading
ratio

Formulations of r-HDPE/EVA/TD/CL composites at different filler loading ratio

Formulations of r-HDPE/EVA/TD/MAH compesites at different filler loading
ratio

Data decomposition temperature, FDT ,.residual mass (RM) of r-HDPE/EVA/TD
composites with different tyre dust leading

Data decomposition temperature,"FDT, residual mass (RM) of r-HDPE/EVA/TD
and r-HDPE/EV A/TD/CL composites with different of tyre dust loading using
TGA and DTG anaysis

Data decomposition temperature, FDT, residual mass (RM) of r-HDPE/EVA/TD
and r-HDPE/EVA/TD/PEgMAH composites with different of tyre dust loading
using TGA and DTG analysis

Data decomposition temperature, FDT, residual mass (RM) of r-HDPE/EVA/TD
and r-HDPE/EVA/TD/MAH composites with different of tyre dust loading using
TGA and DTG anaysis

Data decomposition temperature, FDT, residual mass (RM) of r-HDPE/EVA/TD
composites with different of compatibilizer using TGA and DTG analysis

Meéelting Temperature and % Crystalline of r-HDPE/EV A/TD15 composites with

difference compatibilizer.

Vil

PAGE
10

45

47

48

61

71

83

93

103

104



NO.
21

2.2

2.3

24

2.5

2.6

2.7

2.8

2.9

2.10

211

212

2.13

4.1

4.2

4.3

4.4

LIST OF FIGURES

Classification of polymer blends

Effect of temperature on the elastic modulus
Molecular arrangement of polymer chain
Comparison branched of (a) HDPE and (b) LDPE
Chemical structure of ethylene vinyl acetate (EVA)

A cylindrical reinforcing filler in a polymer.matrix : (a) in the under
formed state; (b) under atensile load

The structure of block copolymer and graft copolymer
Chemical structure of maleic-anhydride

Chemical structure of palyethylene grafted maleic anhydride
Chemical structure-of.caprolactam

Chemical bond between groups A on the surface and group B on the other
surface

Simplediagram of crosslink

Schematic view of the structure of filler-filler bonds in polymer matrix.
Impact of the gap size during mixing process on the stiffness of filler-filler
bonds

Tensile strength versus tyre dust loading of r-HDPE/EVA/TD composites

Modulus of elasticity versus tyre dust loading of r-HDPE/EVA/TD
composites

Elongation at break versus tyre dust loading of r-HDPE/EVA/TD
composites

Effect of tyre dust loading on mass swell of r-HDPE/EVA/TD composites

viii

PAGE
12

17

18

19

21

23

31

33

36

39

40

43

53

55

56



4.5

4.6

4.7

4.8

4.9

4.10

411

4.12

4.13

4.14

4.15

4.16

4.17

4.18

4.19

Scanning electron micrographs of tensile fractured surface of r-
HDPE/EVA/TD and r-HDPE/EVA/TD/CL composites with different filler
loading. (a) r-HDPE/EV A 60/40, (b) r-HDPE/EVA/TDS, (c) r-
HDPE/EVA/TD15, (d) r-HDPE/EVA/TD25

FTIR Spectrum of r-HDPE/EVA/TD composite
Proposed interaction of r-HDPE/EVA/TD composites

TGA thermogram of r-HDPE/EVA/TD composites with different filler
loading

DTG thermogram of r-HDPE/EVA/TD compositeswith different filler
loading

Tensile strength versus tyre dust loading ef *~HDPE/EVA/TD composites
and r-HDPE/EVA/TD/CL composites

Modulus of elasticity versus tyre dust loading of r-HDPE/EVA/TD
composites and r-HDPE/EV A/TD/CL composites

Elongation at break versustyre dust loading of r-HDPE/EVA/TD
composites and r-HDPE/EVA/TD/CL composites

Effect of tyre dustloading on mass swell of r-HDPE/EVA/TD composites
and r-HDPE/EVA/TD/CL composite

Scanning el ectron micrographs of tensile fractured surface of r-
HDPE/EVA/TD/CL composites with different filler loading.
(a).r-HDPE/EVA/TDS/CL, (b) r-HDPE/EVA/TD15/CL, (C) r-
HDPE/EVA/TD25/CL

FTIR Spectrum of r-HDPE/EVA/TD composite with Caprolactam

Proposed interaction of r-HDPE/EVA/TD composites with Caprolactam as
compatibilizer

TGA thermogram of r-HDEP/EV A/TD/CL composites with different filler
loading

DTG thermogram of r-HDPE/EV A/TD/CL composites with different filler
loading

Tensile strength versus tyre dust loading of r-HDPE/EVA/TD composites
and r-HDPE/EVA/TD/PEgMAH composites

57

58

58

60

60

62

63

65

66

68

68

70

71

73



4.20

4.21

4.22

4.23

4.24

4.25

4.26

4.27

4.28

4.29

4,30

4.31

4.32

4.33

4.34

Modulus of elasticity versus tyre dust loading of r-HDPE/EVA/TD
composites and r-HDPE/EVA/TD/PEgMAH composites

Elongation at break versus tyre dust loading of r-HDPE/EVA/TD
composites and r-HDPE/EVA/TD/PEgMAH composites

Effect of tyre dust loading on mass swell of r-HDPE/EVA/TD composites
and r-HDPE/EVA/TD/PEgMAH composites

Scanning electron micrographs of tensile fractured surface.of r-
HDPE/EVA/TD/PEgMAH composites with different fillerloading.

(a) r-HDPE/EVA/TD5/PEgMAH, (b) r-HDPE/EVA/TDI5/PEgMAH, (c) r-
HDPE/EVA/TD25/PEgMAH

FTIR Spectrum of r-HDPE/EVA/TD composites with PEQMAH

Proposed interaction of r-HDPE/EVA/AD with PEQMAH as compatibilizer

TGA thermogram of r-HDEP/EVA/TD/PEgMAH with different filler
loading

DTG thermogram of r-HDEP/EVA/TD/PEgMAH with different filler
loading

Tensile strengthwersus tyre dust loading of r-HDPE/EVA/TD composites
and RHDPE/EVA/TD/MAH composites

Modulus of elasticity versus tyre dust loading of r-HDPE/EVA/TD
composites and RHDPE/EVA/TD/MAH composites

Elongation at break versus tyre dust loading of r-HDPE/EVA/TD
composites and RHDPE/EVA/TD/MAH composites

Effect of tyre dust loading on mass swell of r-HDEP/EVA/TD composites
with and without MAH

Scanning electron micrographs of tensile fractured surface of r-
HDPE/EVA/TD/MAH composites with different filler loading.

(a) r-HDPE/EVA/TD5/MAH, (b) r-HDPE/EVA/TD15/MAH, (c) r-
HDPE/EVA/TD25/MAH

FTIR Spectrum of r-HDPE/EVA/TD composites with MAH

Proposed interaction of r-HDPE/EVA/TD with MAH as compatibilizer

74

75

76

78

79

82

82

85

86

87

88

90

90



4.35

4.36

4.37

4.38

4.39

4.40

441

4.42

4.43

4.44

TGA thermogram of r-HDEP/EVA/TD/MAH with different filler loading
DTG thermogram of r-HDEP/EVA/TD/MAH with different filler loading

Tensile strength versus type of r-HDPE/EVA/TD15 composites with
difference of compatibilizer

Modulus of elasticity versus type of r-HDPE/EVA/TD15 composites with
difference compatibilizer

Elongation at break versus type of r-HDPE/EV A/TD15.composites with
different compatibilizer.

Mass swell percentage of r-HDEP/EV A/TD15 composites with difference
compatibilizer

Scanning electron micrographs of tensite fractured surface of r-
HDPE/EVA/TD composites with and without compatibilizer. (a) r-

HDPE/EVA/TD15, (b) r-HDPE/EVA/TD15/MAH, (C) I-
HDPE/EVA/TD15/PEgMAH;(d) r-HDPE/EVA/TD15/CL

TGA thermogram of r-HDEP/EV A/TD15 composites with difference
compatibilizer

DTG thermogram-of r-HDEP/EVA/TD15 composites with difference
compatibilizer

DSC curves of r-HDEP/EVA/TD15 with difference compatibilizer

Xi

92

93

95

96

97

98

100

102

102

104



LIST OF ABBREVIATIONS

ASTM American Society for Testing and Materials
BF Bamboo fiber

CL Caprolactam

CMC Ceramic matrix composites

CaCOs3 Calcium carbonate

Ca Calcium

CB Carbon black

CFF Chicken feather fiber

DSC Differential Scanning Calorimetry

DMA Environmental stress cracking resistance
EVA Ethylene Vinyl Acetate

ESCR Environmental stress cracking resistance
ESP Egg shell powder

FTIR Fourier transform infrared analysis

FDT Final decomposition temperature

Fe [ron

GTR Ground tyre rubber

HDPE High Density Polyethylene

ISO International Organization Standardization

LDPE Low density Polyethylene

xii



LDI Lysine-based diisocyanate

LNR Liquid natural rubber

LLDPE Linear bonded low density polyethylene
MAH Maleic anhydride

Mg(OH), Magnesium hydroxide

MAPE Maleic anhydride polyethylene

NR Natural rubber

PTE Passenger tyre equivalent

PE Polyethylene

PET Polyethylene terephthalate

PEgMAH Polyethylene grafted maleic anhydride
PMCs Polymer matrix composites

PMMA Polymethyl methacrylate

PS Polystyrene

PC Polycarbonate

PP Polypropylene

PPE Polyethylene ether

PLA Poly (lactic acid)

PVA Polyvinyl a cohol

Phr Per hundred resin

PVC Polyvinyl chloride

r-HDPE Recycled High Density Polyethylene

SBR Styrene butadiene rubber

xiii



SEBS
SEM
D

TGA

Tm
TPSS
Vs
WTD
WGRT
XPS

Zn

Polystyrene-b-(ethylene-co-butylene)-b-styrene
Scanning Electron Microscopy
Tyre Dust

Thermogravimetric analysis
Glass transition temperature
Melting temperature
Thermoplastic sago starch
Volume fraction

Waste tyre dust

Waste ground tyre dust

X-ray photoel ectron spectroscopy

Zinc

Xiv



LIST OF EQUATION

NO PAGE

3.1 Equation of % Mass Swell 49

3.2 Equation of % Crystallinity 51

XV



°C
% MS
AHs

AH®

LIST OF SYMBOLS

Degree Celsius
Mass swell percentage
Enthalpy of fusion of the composites

Enthalpy of fusion of HDPE

XVi



Kesan Muatan Habuk Tayar dan Pengserasi terhadap Sifat-sifat Komposit Polietilena
Ketumpatan Tinggi Kitar Semula/ Etilena Vinil Asetat/ Habuk Tayar

ABSTRAK

Komposit polietilena berkumpatan tinggi kitar semula/ Etilena vinil asetat/ Habuk tayar
telah dikaji. Komposit ini telah disediakan dengan mengunakan Brabender Plasticorder
pada suhu 160 °C dengan kelgjuan pemutar 50 rpm. Kesan pengisian TD dan pelbagai jenis
pengserasi terhadap sifat-sifat tegangan, peratusan jissim pegembangan, sifat morfologi,
spektroskopi inframerah dan pencirian haba bagi r-HDPE/EVAITD telah dikgji. Pengserasi
yang digunakan dalam kajian ini adalah malida anhdrida’(MAH), polietilena dicantumkan
dengan malida anhrida (PEQMAH), dan kaprolaktam (CL). Peningkatan jumlah muatan
pengisi cenderung kepada pengurangan kekuatan tegangan dengan jumlah muatan pengisi
sebanyak TD5 (6.7%), TD10 (21.31%), TD15 (24.95%), TD20 (37.92%), TD25 dan
pemanjangan pada takat putus dengan jumlah muatan pengisi sebanyak TD5 (13.9%),
TD10 (25.65%), TD15 (36.97%), TD20 (43.67%), TD25 (50.93%) bagi komposit r-
HDPE/EVA/TD. Sdain itu, modulus-keanjalan dengan jumlah muatan pengisi sebanyak
TD5 (12.87%), TD10 (18.08%), TD15 (26.136%), TD20 (44.41%) and TD25 (72.781%)
dan kestabilan haba telah meningkat. Pada jumlah muatan pengisi yang sama (TD15) serta
kemasukan pengserasi (MAH, PEQMAH, dan CL) dalam komposit r-HDPE/EVA/TD
mempamerkan peningkatan dalam sifat-sifat tegangan (2.08%, 2.68%, and 6.41%),
modulus keanjalan. (12.67%, 16.52%, and 25.2%), dan kestabilan haba tetapi penurunan
ditunjukkan pada pemanjangan pada takat putus ( 7.42%, 10.54%, 13.65%), dan peratusan
jissim pengembangan ( 4.09%, 6.53%, 9.61%) jika dibandingkan dengan komposit r-
HDPE/EVA/TD. Mikroskop penskanan electron (SEM) juga menunjukkan penambahan
pengserasi dapat menambahbaik lekatan antara muka antara TD dan r-HDPE/EVA
sebagaimana ditunjukkan di dalam mikroskop SEM. FTIR membuktikan kehadiran MAH,
PEgMAH, dan CL di dalam komposit polietilena berkumpatan tinggi kitar semula/ Etilena
vinil asetat/ Habuk tayar. Kehadiran kaprolaktam (CL) sebaga pengserasi dalam komposit
r-HDPE/EV A/TD menunjukkan ianya adalah pengserasi terbaik berbanding yang lain.
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Effect of Tyre Dust L oading and Compatibilizer on Properties of Recycled High
Density Polyethylene/ Ethylene Vinyl Acetate/ Tyre Dust Composites

ABSTRACT

The composites of recycled high density polyethylene (r-HDPE)/ ethylene vinyl acetate
(EVA)/ tyre dust (TD) were studied. The composites were prepared using Brabender
Plasticorder at 160 °C with rotor speed of 50 rpm. The effect of :.TD content and several of
compatibilizers on tensile properties, mass swell percentage,~ morphological properties,
spectroscopy infrared and thermal characterization of r-HDPE/EVA/TD composites were
investigated. The Compatibilizer used in this study'were maleic anhydride (MAH),
polyethylene grafted maleic anhydride (PEQMAH), and caprolactam (CL). The increasing
of filler loading tends to decrease the tensile strength with the filler loading of TD5 (6.7%),
TD10 (21.31%), TD15 (24.95%), TD20 (37.92%), TD25 (44.06%) and elongation at break
with the filler loading TD5 (13.9%), TD10 (25.65%), TD15 (36.97%), TD20 (43.67%),
TD25 (50.93%) of r-HDPE/EVA/TD composites. Besides, the modulus of elasticity with
the filler loading of TD5 (12.87%);. TD10 (18.08%), TD15 (26.136%), TD20 (44.41%) and
TD25 (72.781%) and thermal stability increased. At similar filler loading (TD 15) with the
incorporation of compatibilizer (MAH, PEgMAH, and CL) in r-HDPE/EVA/TD
composites presented an improvement in tensile properties (2.08%, 2.68%, and 6.41%),
modulus of elasticity (12.67%, 16.52%, and 25.2%) respectively and thermal stability but
lower elongation at‘break ( 7.42%, 10.54%, 13.65%) and mass swell percentage ( 4.09%,
6.53%, 9.61%) compared to r-HDPE/EVA/TD composites. Scanning electron microscopes
analysis asa ‘shows that the incorporation of compatibilizers improved the interfacial
adhesion detween TD and r-HDPE/EVA phase as shown in SEM micrographs. FTIR
analysis ‘proved the presence of MAH, PEQMAH and CL in the r-HDPE/EVA/TD
composites. The presence of Caprolactam (CL) as compatibilizer in r-HDPE/EVA/TD
composites shows good best compatibilizer compared than others.
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CHAPTER 1

INTRODUCTION

1.1  Research Background

Over past few decades, it is well knows that polymer have substituted many
conventional and waste materials in many-applications. Thisis for the reason that polymer
have more advantages than conventional material. By considering the economic and
environmental value polymer composite is one of the most significant and popular method
of plastic production that filling of polymer with the waste material (Wool & Sun, 2011).
Polymeric composites are formed by combining fiber and polymer resins which also known
as fiber-reinforced plastic (Strong, 2008). Fiber-reinforced polymer composites got alot of
intention among materials as many researcher and engineers are considering developing an
environmental friendly material that can be replacing currently used glass or carbon fiber in
fiber-reinforced composites (Supri et a., 2011). The tensile properties of polymer
composites can be improved as additives or coupling agent was added in the system (Supri
et a., 2010). The additives that make physical interaction with the polymers may involvein
the formation of the covalent bond. It is known as reactive compatibilizer (Zhou et d.,
2006).

The addition of small additives can greatly enhance the mechanical and thermal

properties of polymers and elastomers (Kalia et al., 2009). Besides that, a new combination
1



of properties can be achieved by the addition of filler to polymer blends that also can

expand their range of application.

Among the waste material in industrialized region, the waste automotive material
represents one of the problematic areas to be addressed such as tyre. Scrap vehicle tyre
make a significant contribution to the generation of waste. For.instance, the rate of scrap
tyre generation in industrialized countries approximately one.passenger car tyre equivalent
to 9kg per capita per year (Snyder, 1998). In addition,it is estimated that an additional 2-3
billion scrap tyre are stockpiled on abandoned pilés around the world that the cumulative
scrap tyre generation approximately 10 years (Brown, June 2001). Tyres give an extensive
defiance to sustainability of environment (Aisien et al., 2003; Adhikari et a., 2000). Other
than that tyres have become<a-largest volume of waste rubber and do not degrade
efficiently. This has attracted a thoughtful concern over the danger obtain to public health
as well as environment."A number of possible applications of various form waste rubber in
broad disciplines have been studied and reported. Tyre dust is one of the inorganic filler
that can.be’used in polymer composites. Noriman et al. (2010) reported that the addition of
waste tyre dust seems effective in improving the overal tensile properties, swelling

behavior and morphology of the polymer blends.

High density polyethylene (HDPE) is suitably used as a packaging and
manufacturing products due to its properties such as large strength to density ratio and has
little branching. HDPE is stronger than the standard PE that can act as an effective barrier

against moisture and remains solid at room temperature (Salih et al., 2013).



It is well known that recycling contributes to reduction in resources consumption
and pollution. Recycled high density polyethylene (r-HDPE) is used to manufactured lawn,
garden products, buckets, crates, office product, and automobile parts. Application of r-
HDPE is often limited due to its low impact strength and Young’s modulus properties,
particularly at low temperature and high temperature loading conditions (Dikobe & Luyt,
2006). Blending r-HDPE with different polymer is an economic and effective way to
improve these shortcoming (Duquesne et al., 2003). r-HDRE/EVA blends are widely used
in many applications such as multilayer packaging,-shrinkable film, and wire and cable
coating (Nyambo et al., 2009) . Blending~EVA at different ratio with r-HDPE may
improves the toughness, transparency, environmental stress cracking resistance (ESCR),

and the capacity of thefiller carrying (Faker et a., 2008).

Recently numerous,engineers and researchers have been conducted some studies on
the mechanical properties, especialy interfacial performances of the composites based on
the inorganic filler due to the poor interfacial bonding between the hydrophilic inorganic
filler and.the hydrophobic polymer matrices (Zhang et al., 2002). Incorporation of suitable
compatibilizer onto the filler surface is an obvious solution in order to modify interaction or
improved the bonding of filler to polymer by either altering the strength or charging the

size of the interaction (Supri et a., 2010).

The compatibilizer has been used to improve dispersion, adhesion and compatibility
for system containing filler and the matrix in the composites (Liu et al., 2008). The agent
modified the interface by interacting with and polymer, thus forming a link between the
component (John et al., 2011). The main objectives of this study are therefore to examine

the effect of tyre dust loading on the mechanical properties and thermal behavior of
3



recycled high density polyethylene/ ethylene vinyl acetate blends. Besides that, the
compatibility of the recycled high density polyethylene/ ethylene vinyl acetate/ tyre dust (r-
HDPE/EVA/TD) composites has been investigated by adding various type of

compatibilizer.

Data obtained from this study will be useful in areas of potential applications such

as construction material, electrical and electronic, appliancehousing and automobile.

1.2 Problem Statement

Polymer blending is an alternative approach to obtain new materials with desirable
properties based on commercially available polymer rather than to design and synthesize
completely new polymer Polymer blend providing materials with full desired properties at
the lowest price meanwhile offer the means for industrial waste plastic. Others there can
improve process-ability, quick formulation changes and high productivity (Yu et a., 2006).
Unfortunately, there are some of the major issues involved with polymer blending have
been introduced. Blending two different kind of polymer are most likely become
immiscible blends. These immiscible polymer blends lead to a phase separated and not
thermodynamically stable (Lipatov, 2006).

The addition of tyre dust filler to polymer blends is meant of achieving new
combination of properties and expands their range of application. Awang et a. (2008)
reported that the addition of waste tyre dust seems effective in improving the overall tensile

properties, swelling resistance, and morphology of polypropylene-based blends. However,



with different polarities of the polymer blends will produce the immiscible blends that lead

to incompatibility polymer blends.

The incorporation of compatibilizer onto the filler surface is an accessible solution
in order to modify interaction or increase the bonding of filler onto polymer by either
altering the strength or charging the size of the interaction. Regycle waste rubber in one
form to another is as old as the industrial use of rubber itself.n 1910, natural rubber cost
nearly mush as silver, and it thus made perfect sense ta reuse much as possible of this vaue
commodity. Until now, the average recycled content of all rubber products was over 50 %.
By 1960, the recycling content in rubber products dropped to around 20 %. As of 1990, the
established tyre and rubber industry‘used only 2 % recycled material. Therefore, one of the
various problems as enters 21" century the problem is waste disposal management.
Abundant of waste rubber have created serious environmental problem because al waste
rubber is non degradable material. Recycling contributes to reduce in resource consumption

and pollution.

To solve this environmental issues, tyre dust obtained from waste rubber has been
used in recycled high density polyethylene/ ethylene vinyl acetate/ tyre dust composite as a

filler to achieved good combination of mechanical properties and process ability.



